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Abstract 

Objectives:  Toxoplasma gondii is an opportunistic parasite that causes a clinical manifestation known as toxoplasmo-
sis. We investigated the prevalence and potential risk factors of T. gondii infection among women in Khartoum, Sudan. 
A sero-parasitological cross-sectional study included 100 women aging between 15 and 50 years old was conducted 
between January and November 2018. Serum samples were collected and investigated for the presence of anti-T. 
gondii immunoglobulins.

Results:  Mean age of the women population included was 26.75 ± 8.25 with a range between 15 and 50 years. 
Sero-prevalence of T. gondii antibodies was 27% (27/100) with a 95% confidence interval (CI) of 18.6–36.8%. Among 
seropositive population 81% (22/27), 15% (4/27) and 4% (1/27) were seropositive for IgG antibodies, IgM antibodies 
and both antibodies respectively. Age group 21–30 years old had the highest frequency of detected IgG (10/45) and 
IgM (3/45). Married women had the highest frequency of detected IgG or IgM, 18/79 and 3/79, respectively. Risk fac-
tors analysis showed a total of 37/100 participants were having direct contact with cats and 66/100 have a frequent 
raw meat consumption, neither direct cats contact nor raw meat consumption had a statistically significant associa-
tion with seropositivity to T. gondii (P value = 0.052 and 0.565, respectively).
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Introduction
Toxoplasmosis is an opportunistic parasitic infection 
caused by the parasite Toxoplasma gondii. Toxoplasmo-
sis constitutes a major public health problem especially 
in low- and middle-income countries (LMICs) [1]. More 
than 29% of people worldwide show serological evidence 
of encountering T. gondii infection [2]. Though T. gondii 
parasite stays in a dormant stage called bradyzoites [3], 
the parasite transforms into an active form when the 

immune system becomes compromised which leads to 
the clinical manifestation that known as toxoplasmosis 
[4]. Decreased immunity could be attributed to infections 
such as HIV [5, 6], disease e.g. fatty liver disease [7], or 
normal alterations in physiological response as in case of 
pregnancy [8–11].

Congenital toxoplasmosis is another form of toxoplas-
mosis defined by the vertical transmission T. gondii tach-
yzoites parasite from an infected pregnant woman to a 
fetus through the placenta [12]. Congenital toxoplasmo-
sis occurs approximately in 1 per 1000 pregnant women 
[13, 14]. It can cause severe damages to the fetus brain, 
cerebral calcification, hydrocephaly, chorioretinitis, and 
mental retardation [15]. Some patients with congenital 
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toxoplasmosis are likely to develop other clinical mani-
festations like toxoplasma encephalitis [16], lymphad-
enopathy [17], schizophrenia [18], ophthalmitis [19], and 
organ dysfunction such as liver cirrhosis [20].

In Sudan, toxoplasmosis was firstly reported in 1966 in 
61% patients in Darfur state [21] In 1991 it was reported 
that high prevalence rate in Sudan is due to some hab-
its like consumption of raw or partially cooked liver, vis-
cera and meat [22]. In 2013, an overall seroprevalence of 
43.6% has been reported in samples donated for the cen-
tral blood bank and samples investigated to issue travel 
cards. Higher prevalence of the disease was reported in 
HIV patients (75%) and women with abortion history 
(55.5%) in Khartoum state [23].

Early diagnosis of toxoplasmosis especially among 
females in childbearing age is recommended since the 
disease can cause miscarriage, stillbirth or congenital 
toxoplasmosis to their infants [24] when they get preg-
nant. Therefore, pre-diagnosis even with a first line 
detection method especially in the LMICs such as Sudan 
will help in the management of pregnant females with 
T. gondii infection. This study aimed at investigating the 
prevalence of T. gondii among Sudanese women in Khar-
toum state, Sudan and identification of risk factors asso-
ciated with seropositive candidates.

Main text
Materials and methods
A sero-parasitological cross-sectional study was con-
ducted in Sharq El-Nile hospital, Khartoum, Sudan 
between January and November 2018. The study included 
a total number of 100 females age 15 to 45 years. Patients 
subjected to immunosuppressive factors (pregnant 
women, transplant, HIV patients and other immunosup-
pressed) were excluded from the study. Sample collection 
was linked with a questionnaire guided interview. The 
confidentiality and anonymity of the participants were 
maintained throughout the research steps. Demographic 
information included age, educational level, marital sta-
tus, occupation, and family size were collected. Other 
expected risk factors like contact with felines, consump-
tion of raw meat or unwashed vegetables, drinking of 
unpasteurized milk, sources of drinking water, rearing 
of rabbits and previous history of spontaneous abortion 
were considered as well.

Samples collection
Two ml blood samples were collected in plain vacutainers 
after obtaining informed consent from human subjects 
included in the study. Samples were then transported to 
the molecular biology lab of the National University Bio-
medical Research Institute—National University, Sudan. 
Samples were then left on the bench for 30 min at room 

temperature to allow blood clotting and serum separa-
tion. Serum samples were then transferred into new 
plain labeled containers and stored at − 20 °C till further 
processing.

Serological diagnosis of toxoplasmosis
A total of 100 serum samples were serologically tested 
for IgM and IgG against T. gondii antigens. The sera were 
subjected to Toxoplasma-specific rapid diagnostic testing 
(RDT), according to the manufacturer’s instructions (Bio-
panda Reagents, Belfast, UK). Briefly, 20  µl serum were 
added to the pore in the cellulose strip of the test device 
and then allowed to migrate through the whole strip. 
Results were positive when obtaining two or three lines 
of reaction, one for the control showing the validity of 
the test device and the second one for the positive serum 
sample. Three lines were obtained when both IgM and 
IgG detected in addition to the control line. In order to 
obtain a valid test result, samples were run in triplicates.

RDT seropositive samples were subjected to latex indi-
rect agglutination test card in accordance with the manu-
facturer’s instructions (Rapid Labs, United Kingdom). 
Briefly, 20  µl serum sample was placed on the test spot 
next to the controls’ spots; positive and negative con-
trols. 3 drops of the antigen provided with the test kits 
were added and mixed slowly with the serum followed by 
15 min incubation at room temperature. Direct aggluti-
nation confirmatory tests were done in duplicates before 
tabulation of the results.

Statistical analysis
Statistical analysis was performed using the statistical 
package for social sciences (SPSS version 20). Demo-
graphic data were categorized and means were compared 
using the student T test. Chi square test was used to test 
the significance of risk factors associated with seroposi-
tive patients; results considered to be statistically signifi-
cant if P value < 0.05.

Results
Study population characteristics
Our study population consisted of 100 women aged 15 to 
50 years (mean age 26.75 ± 8.25 years). Participants were 
grouped according to their ages into 4 groups; 15–20, 
21–30, 31–40, and 41–50 years. Most of the participants 
(45%) were in the 21–30  years age group. Information 
about participants residence, marital status, water source 
and contact with cats is in Table 1.

Serological detection of T. gondii infection
The overall prevalence of T. gondii infection in the study 
population was (27%, 95% confidence interval [CI] 
18.6–36.8%) (Table 2). Results of detection were further 
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classified based on the type of immunoglobulins present 
in the serum. T. gondii-specific IgG and IgM antibodies 
were detected in 22 (22%) and 4 (4%) of the seropositive 
participants respectively. Only one serum sample was 
positive for both IgG and IgM anti-T. gondii antibodies. 
Women aged 21–30  years had the highest frequency of 
detected IgG and IgM; 10/45 (22.2%) and 3/45 (6.7%), 
respectively (Table  2). When analyzing the immuno-
globulins results based on the marital status of the 

participated women, married women had the highest fre-
quency of detected IgG or IgM, 18/79 (22.8%) and 3/79 
(3.8%) respectively. Similarly, the single woman, 1/79 
(1.3%), concurrently seropositive for both IgG and IgM 
was married. Five of the 22 married women with posi-
tive serology for anti-T. gondii IgG and/or IgM antibod-
ies also have a history of spontaneous abortion. However, 
most married women (72.1%) were negative for the pres-
ence of anti-T. gondii immunoglobulins (Table 2).

Risk factors analysis
A total of 37 (37%) participants were having direct con-
tact with cats and 66 (66%) reported frequent raw meat 
consumption. However, neither direct cats contact nor 
raw meat consumption had a statistically significant asso-
ciation with seropositivity to T. gondii (P value = 0.052 
and 0.565, respectively). Other factors related to the risk 
of having T. gondii infection including consumption of 
unwashed vegetables, drinking of unpasteurized milk, 
owing of rabbits and, the source of drinking water was 
described in Table 3.

Six (22.2%) seropositive women had a previous history 
of abortion. Four of those participants positive for T. gon-
dii IgG and one positive for T. gondii IgM had a history 
of two episodes of abortion while one woman who was 
seropositive for both IgM and IgG immunoglobulins had 
one previous abortion. Analysis of risk factors of having 
toxoplasmosis and its relation to the frequency of abor-
tion is found in Additional file 1.

Discussion
This study showed 27% seroprevalence of anti-T. gon-
dii antibodies among Sudanese women in Khartoum. 
This finding was lower than the seroprevalence of toxo-
plasmosis reported by Khalil et  al. in which 45% of the 
sampled population had serological evidence of T. gon-
dii infection [25]. Also, our result was lower than those 
reported in different countries as Ghana [26], Cameroon 
[27] and Ethiopia [28–33]. However, this seroprevalence 
of T. gondii antibodies was higher than that reported in 
European, North and West American continents [9, 34]. 
Such variations could be due to different study settings 
in terms of multiple climatic conditions, heterogeneous 
study population and risk factors profile such as contact 
with pets, hygienic practice, and feeding habit [28, 29, 31, 
35, 36]. The result of those who aged 21–30 years having 
the highest frequency of T. gondii infection (28.9%) was 
similar to previous reports [28, 29, 36] with the excep-
tion of one study conducted in Burkina Faso that showed 
these who aged more than 30  years were the most 
infected age group [35].

The results of risk factors associated with toxoplas-
mosis including direct contact with cats, consumption 

Table 1  Characteristics of the study participants

Participants 
characteristics

Positive
N (%)

Negative
N (%)

Total out of 100 
(%)

P value

Age groups

 15–20 3 (11.5%) 23 (88.5%) 26 (26%) 0.153

 21–30 13 (28.9%) 32 (71.1%) 45 (45%)

 31–40 7 (25.9%) 20 (74.1%) 27 (27%)

 41–50 4 (30.8%) 9 (69.2%) 13 (13%)

Marital status

 Married 22 (27.8%) 57 (72.2%) 79 (79%) 0.855

 Single 4 (26.7%) 11 (73.3%) 15 (15%)

 Divorced 0 (0.0%) 2 (100%) 2 (2%)

 Widow 1 (25.0%) 3 (75.0%) 4 (4%)

Residence

 Al Fayha 8 (33.3%) 16 (66.7%) 24 (24%) 0.491

 Al Gadesia 0 (0.0%) 3 (100%) 3 (3%)

 Gereaf sharq 10 (34.5%) 19 (65.5%) 29 (29%)

 Haj Yousef 7 (21.2%) 26 (78.8%) 33 (33%)

 Soba Sharq 2 (18.2%) 9 (81.8%) 11 (11%)

Direct contact with cats

 Yes 14 (37.8%) 23 (62.2%) 37 (37%) 0.052

 No 13 (20.6%) 50 (79.4%) 63 (63%)

Consumption of raw meat

 Yes 18 (27.3%) 48 (72.7%) 66 (66%) 0.565

 No 9 (26.5%) 25 (73.4%) 34 (34%)

Consumption of raw vegetables

 Yes 3 (30.0%) 7 (70.0%) 10 (10%) 0.540

 No 24 (26.7%) 66 (73.3%) 90 (90%)

Consumption of unpasteurized milk

 Yes 1 (25.0%) 3 (75.5%) 4 (4%) 0.706

 No 26 (27.1%) 70 (72.9%) 96 (96%)

Owing rabbits at home

 Yes 1 (16.7%) 5 (83.3%) 6 (6%) 0.483

 No 26 (27.7%) 68 (72.3%) 94 (94%)

Source of drinking water

 Tap water 25 (29.4%) 60 (70.6%) 85 (85%) 0.413

 Filtered water 2 (14.3%) 12 (85.7%) 14 (14%)

 Wells water 0 (0.0%) 1 (100%) 1 (1%)

History of abortion

 Yes 6 (37.5%) 10 (62.5%) 16 (16%) 0.230

 No 21 (25.0%) 63 (75.0%) 84 (84%)
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of raw meat, consumption of unwashed vegetables, 
drinking of unpasteurized milk, owing rabbits at home, 
and source of drinking water were statistically insig-
nificant (P values = 0.052, 0.565, 0.540, 0.706, 0.483 and 
0.413, respectively). It is worth noting the tendency of 
association between seropositivity and direct contact 
with cats. Although, its noted that direct contact or 
owing a cat can act as a risk factor for toxoplasmosis 
[37]. While others reported the role of direct contact 
instead of owing a cat is highly significant [38]. In gen-
eral, these study results were similar to other reports 
in which no significant association between these risk 
factors and having anti-T. gondii immunoglobulins [35, 
39] and in contrast to previous reports that showed 

consumption of raw meat was significantly associated 
with toxoplasmosis infection [35, 40].

In this study, the history of two spontaneous abortion 
was statistically significant with having seropositive anti-
T. gondii immunoglobulins (P value 0.038). This result 
was higher compared to previous studies conducted 
among women with history of miscarriage in Mexico 
[40], but similar to spontaneous abortion rate in seropos-
itive women for T. gondii infection reported in Pakistan 
(17%) [41], and lower than other studies done in Egypt 
[42], Iran [43], and India [44]. When we linked the fre-
quency of abortion to the presence of direct contact with 
cats, which was considered as a risk factor for having tox-
oplasmosis, the relationship was statistically significant 
(P value = 0.031), similar to an association reported in 
Zambia [36].

Conclusion
Toxoplasmosis is an opportunistic parasitic infection; 
apparently immunocompetent women can contract the 
infection with not a low rate. All women in childbearing 
age should be tested for T. gondii especially when they 
are planning to get pregnant to avoid the infection and 
its sequelae.

Limitations

•	 Although the studied sample size is very small, it 
provides an insight into the situation of toxoplasmo-
sis among Sudanese women. Therefore, a large-scale 

Table 2  Results of serological diagnosis among the study participants

Immunoglobulins Total P value

IgG IgM IgG and IgM Negative

Age groups (years)

 15–20 3 (11.5%) 0 (0.0%) 0 (0.0%) 23 (88.5%) 26 (26%) 0.063

 21–30 10 (22.2%) 3 (6.7%) 0 (0.0%) 32 (71.1%) 45 (45%)

 31–40 6 (30.0%) 1 (5.0%) 0 (0.0%) 13 (65.0%) 20 (20%)

 41–50 3 (33.3%) 0 (0.0%) 1 (11.1%) 5 (55.6%) 9 (9%)

Marital status

 Married 18 (22.8%) 3 (3.8%) 1 (1.3%) 57 (72.1%) 79 (97.0%) 0.997

 Single 3 (20.0%) 1 (6.7%) 0 (0.0%) 11 (73.3%) 15 (15.0%)

 Divorced 0 (0.0%) 0 (0.0%) 0 (0.0%) 2 (100%) 2 (2.0%)

 Widow 1 (25.0%) 0 (0.0%) 0 (0.0%) 3 (75.0%) 4 (4.0%)

Frequency of abortion

 1 time 0 (0.0%) 0 (0.0%) 1 (12.5%) 6 (87.5%) 8 (8.0%) 0.009

 2 times 4 (57.1%) 1 (14.3%) 0 (0.0%) 2 (28.6%) 7 (7.0%)

 3 times 0 (0.0%) 0 (0.0%) 0 (0.0%) 1 (100%) 1 (1.0%)

 No history of abortion 18 (21.4%) 3 (3.6%) 0 (0.0%) 61 (72.6%) 84 (84.0%)

Table 3  Risk factors analysis with  the  prevalence 
of toxoplasmosis among the seropositive participants

a  Calculated for positive participants for toxoplasma positive serum

Risk factorsa Yes No P value 95% 
confidence 
interval

Contact with cats 14 13 0.052 0.95–5.77

Consumption of raw meat 18 9 0.565 0.49–2.65

Consumption of unwashed vegeta-
bles

3 24 0.540 0.28–4.92

Consumption of unpasteurized milk 1 24 0.706 0.08–9.01

Owing rabbits at home 1 26 0.483 0.05–4.69

History of abortion 6 21 0.230 0.58–5.55
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study with large sample size is required to provide 
accurate prevalence of this infection.

•	 The ting of significance reported in this study can-
not be generalized, but can be used as a pre-epide-
miological data on the situation of toxoplasmosis in 
Sudan.

•	 Presence of the toxoplasmosis infection and mis-
carriage among women still unknown whether the 
exposure occurred before or after pregnancy, there-
fore, examining detection of infection before and 
after pregnancy and at different time intervals follow-
ing pregnancy duration would significantly improve 
future studies.

•	 An accurate estimation for the toxoplasma antibodies 
in women serum is required in order to investigate 
active and past infections which can provide good 
follow up during pregnancy.

Additional file

Additional file 1. Analysis of risk factors of having toxoplasmosis and its 
relation to the frequency of abortion.
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